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(54) OPTICAL PICKUP DEVICE 

(57) An optical pickup device includes: a sernicon- 
ductor laser (1) selectively generating a laser beam (25) 
with a wavelength of 635 nm and a laser beam (27) with 
a wavelength of 780 nm: aixl an optical device (5) hav- 
ing a central region (5b) in which a hologram (20) is 
formed and a peripheral region {5a) in wNch a diffrac- 
tioh grating (21) is formed. Optical device (5) is 
arranged immediately below an objective lens (7). Cen- 
tral region (5b) allows transmission of the laser beam 
with the wsn/elength of 635 nm without any diffraction, 
taut increases the diameter of the laser beam with the 
wavelength of 780 nm by di ffr a ction. On the other hand, 
peripheral region (5a) allows transmission of the laser 
beam with the wavelength of 635 nm without any diffrac- 
tion, kxit substantially shields the laser beam with the 
wavelength of 780 nm t)y diftractioa Thus, all of laser 
t>eam (25) -with the wavelength 635 nm is transnrHtted 
through objective lens (7) and focused on a signal 
recording surface (9a) of a DVD (26). The periphery off 
laser beam (27) with the wavelength of 780 nm is signif- 
icantly diffracted by peripheral region (5a) of optical 
device (5) and only the central portion of laser t>eam 
(27) enters objective lens (7) while increasing its diame- 
ter. Thus, laser k)eam (27) with the wavelength of 780 
nm Is focused on a signal recording surface (99a) of a 
CD-R or a CD-ROM (31). Therefore, the optical pickup 
device is capable of conpatftily reproducing the DVD. 
CD-R and CD-ROM. 
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DescriptiCMn 
Technical Field 

[0001 ] The present invention relates to optical pickup 6eAce& and, more specif icaliy. to an optical pickup device per- 
forming recording and/or reproducing for a digital video disk <a DV/D) and a compact disk<aOD). 

Techntoal Bad^round 

[0002] An optical disk with a thickness of atx)ut 1 J2. mm. such as a CD-ROM {Compact Disk-Read Only Memory), has 
been provided for reading information using a semiconductor laser. In this type of optical disK by perfomrong tocusing 
servo control and tracking servo control for an objective lens tor pidoip, a pit string of a signal recording surface is irra- 
diated with laser beam to reproduce a signal. Recently, such optical diste are increasingly becoming higher in density 
for recording an animation lasting for a long period of time. 

[0003] For example, a DVD standard has been proposed for recording information of 4.7 O bytes on one side of the 
optical disk having a diameter of 12 cm. whnh is the same as tfiat of theCD^ROM. A transparent substrate of the OVD 
has a thickness of about 0.6 mm. A single DVD. which has two such transparent substrates applied to each other back 
toback. can record information of 9.4 G tyytes. Further, as a write-orx^e optical disk having the same cfiameter. thickness 
of sut^strate and recording density as those for the CD-ROM, there easts a CD-R (Compact Disk-Recordable). 
[0004] Since three different types of optical disks, induding the DVD. the CD-ROM and the CD-R. would exist in the 
&ame apparatus in the near future, a device capat^le of compatiksly reproducing these three different types of optical 
disks is required. The DVD arxi the CD-ROM the CD-R. however, ^hnot be reproduced by a single optical pidojp 
de^ce because of the difference in thicknesses of the transparent substrates. 

[0005] Then, in Japanese Patent Laying-Open No. 5-303766, an apparatus has been proposed whk±i alk3ws repro- 
duction of a Ngh density optical disk having a thin transparent substrate with a tHckness of O.^ mm and a standard den- 
sity optica! disk having a standard transparent substrate with a thickness of 1-2 mm by using a single optical pickip 
device. In ^e apparatus, an objective lens with a numerical aperture of 0.6 is emptoyed which has t>een designed to 
reproduce the high density optical disk by a laser beam with a short wavelength. When the standard density optical disk 
is to be reproduced, an aspherical optical device is inserted on the side of a light source of the objective lens which is 
provided with an aperture for shielding the periphery of laser t>eam to decrease an eftective numencal aperture of ^ 
objective lens, 

[00(^] Moreover, to change the effective numerical aperture of an objective lens selectively shielding the periphery 
of laser beam emitted frcxn a semiconductor laser to collect laser beam, an apparatus has been disclosed in Japanese 
Patent Laying-Open No. 8-321065 which is provided with a liquid crystal selectively rotating the plane of polarization of 
laser beam and a polarizing plate allowing transmission of only laser beam whk;h is polarized in a spedf'c direction, and 
which can compatibly reproduce optical disks having sut^strates with different thicknesses. WhHe the apparatus can 
conpatibly reproduce the DVD and the CD-BOM having substrates of different thicknesses, it cannot reproduce the 
CD^R as a laser beam with a wavelength of 635 nm is employed. The reason is as folk>ws. 

[0007] Fig. 1 is a diagram showing a relation between a pit depth and intensity of reflected light for every laser beam 
with a different, wavelength. As shown in Ftg. 1 . when the laser beam with a wavelength of 635 nm is errpkiyed. the 
intensity of reflected light is the highest with the pit depth of about 105 nnrtOn the other harvi. when laser beam witha 
wavelength of 780 nm is employed, the intensity of reflected light is tfie highest with the pit depth of about 125 nm. In 
the case of the CD-R. reflectance significantty cf»nges with the wavelength of laser beam as organk: dye is used for a 
recording film and a suffksieni intensity of reflected light cannoK be ot>tatned using a single^wavelength laser with a 
wavelength of 635 nm. Thus, the CD-R cannot be suitably reproduced. Therefore, a two wavelengtlis to beam laser is 
. required for the optical pkdojp deAce capable of compatibly reproducing the OVD and the CD-R or the CO-HOM. When 
laser beam with a wavelength of 430 nm would be employed due to the trend of shorter wavelength in the near future, 
such a two wavelengths to beam laser would tie even more fughly required. 

[0008] Therefcxe, it is an object of the present inventkm to provide an optk:al pickup devk:ecapat3le of performing 
recording and/or reprodudng for optical disks having substrates with different thk:knes6es fay using a laser k>eam witi 
two cfifferenl wavelengths. 

Disctosure of the Invention 

[0009] According to the present invention, an optical pickup devk:e performing recording and/or reproducing for a first 
optical disk having a first transparerrt substrate and a second optical disk having a second transparent substrate with a 
tNckness which is smaller than that of the first transparent substrate includes an objective lens, a laser beam genersd- 
ir^ means and an optical devica The objective lens is ananged opposite to the frst or second optical disk. The laser 
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beam generating means selectively ,generate$ a first laser kxeam with a first wavelength and a second laser beam with 
a second wavelength which is drflerent from the first wavelength. The optical device includes: a central region arranged 
between the objective lens and the laser beam generating means, allowing transmission of the first laser beam v^rtthout 
any change and increasing the diameter of the second laser beam by diffraction; and a peripheral region allowing trans- 
mission of the first laser beam without any change and substantially shielding the second laser beam by diffraction or 
absorption. 

ro01 01 Preferably, a hologram is formed in the central region of the optical device. 

roOl 1 1 More preferably, the hologram includes a plurality of annular convex portions each having four steps and coax- 
[ally formed where a height hi of each step is determined in aocoidance with the following expressions (1) Id (5). 



10 



ljA(x)exp{i«x))exp|^(?2p^)}dx|* 



(1) 
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if 
if 
if 
if 



4 



♦(x) = 0 



I^x^l ,Kx) = ^(n-no)hl = <l>o(constant) 

I^x^-|t ♦(x) = ^(n-no)hl = 2«o 
2 4 *. 

It^x^T ♦(x) = ^(n-n.)hl = 3*, 
4 ^ 



•<2) 



if m»0 



. ^ ^ « ^ {(1 + COS*(x) + COS2*(x) + COS34KX)) ^ + (SIN*(x) + SIN2iKx) + SIN34Kx)) ^) 



(3) 



if m » -1 



« J-{(1 - COSm • COSZiMx) + COS3*(x) . SIN«x) + SIM2*(x) + Slfsl3«x))* 
+ (1 + OOS*(x) - eOS2*(x) - COS3*M - SIN*(x) - SIN2*M + SIN3*(x))2) 



(4) 



Hm = 1 



- - ((1 - COS«x) - COS2WX) + COS3MX) - SIN4>(x) + SIN2Wx) + SIN3«x)) ^ 
+ (1 +COSWX) - COS2*(x) . CX)S3<|i(x) + SIN<Mx) + SirM24)(x) + SIN34»(x))^l 



<5) 



f 001 21 Here Tim is mth order diffraction efficiency. <Kx) is a function of phase difference defined by expression (2), T 
is a oeriod of the function of phase difference. A(x) is transmittance. X is the first or second wavelength, ns refractive 
ind» of the annular convex portion, no is refractive index of the pe^ 

55 [M131 Preferably, a refraction grating is fonned in the peripheral region of the optical devica 

[00141 More preferably, the diffraction grating has varying grating constants. 

f 001 51 Preferably, the laser beam generating means polarizes the first laser beam in a first direction and the second 
laser beam in a second direction which is different from the first direction. In the peripheral region of the optical device. 
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a polarizing filter is formed having a polarizing cfirectlon which is perpendicular to the second direction. 

[001 61 Preferably, a polarizing glass is formed in the peripheral region ol the optical daoce which dbsoibs the laser 

beam with the second wavelength. 

[001 7] Preferably, the laser beam generating means is a semiconductor laser including a package and first arxii sec- 
5 ond laser chips. The first laser chip is arranged within the package and oscillates the first laser beam. The second laser 
beam is arranged within the package and oscillates the second laser fc>eam. 

[GDI 8] More preferably, the optical pickup device moves along two parallel guide shafts provided in a radial direction 
of the first or second optical disk, and includes a rising min-or and a body. The risir>g mirror is arranged immediately 
below the objective lens and the optical device, arxi reflects the first or second laser beam directed from the semioon- 
10 ductor laser in a direction which is parallel to the main surface of ttie first or second optical disk in a direction which is 
perperKlicular to the main surface of the first or second optical cfisk. The tx)dy is supported between the two guide 
shafts and the objective lens accommodates the optical device, the semkXKxIuctor laser arxJ the rising mirror. An optical 
axis of the laser beam entering the rising nrirror is angled with respect to a perpendicutar relative to the two guide shafts 
to form an acute angle. 

15 [001 91 More pref erat^ly a line passing emittance openings of the first and second laser chips is angled with respect 
' to the main surface of the first or secorxj optical disk to form an acute angle which is equal to the above mentioned acute 
angle 

[0020] Preferably, the optical pickup device further includes a collimator lens arranged between the optical device and 
the semiconductor laser. The first laser chip is spaced by a first distance from the collimator lenseuch that the first laser 
20 beam transmitted through the collirnator lens is collimated. The second laser chip is spaced by a secorvi distance, 
which is different from the first distance, from the collimator lens such that the secorxl laser beam transmitted through 
the collimator lens is collimated. 

[0021] Preferably, the semtcorxluctor laser further includes an optical waveguide. The optical waveguide includes a 

first inddent opening facing the emittance opening of the first laser chip, a second incident opening facing the emittance 
25 opening of the second laser chip and an emittance opening communicating with the first and second incident openings. 

[0022] Preferably^ the first and secorxJ laser chips are arranged such that one sides thereof are adjacent to each other. 

The distances between ttie emittance openings of the first arxj second laser ch^ and the one sides are respectively 

shorter than the distances t>etween the emittance openings and the other sides opposite to the one sides. 

[0023] Preferably, the semiconductor laser further includes a photodetector arranged on the side opposite to the side 
30 of emittance of the first and second laser chips for monitoring both the first and second laser beams leaked from ttie 

first and second laser chips. 

[0024] Preferably, the semiconductor laser further includes first to fourth terminals. The first terottnal is<»nnected to 
one electrodes of the first and second laser chips and the photodetector. The second terminal is connected to the other 
terminal of the second laser chip. The third terminal is connected to the other electrode of the second laser chip. The 
35 fourth terminal is connected to the otiier electrode of the photodetector. 

[0025] Preferalsly. the first wavelength is t>etween'620nm and 680nm and the second wavelength is -between 765nm 
and 795nm. 

[0026] Preferably, the objective lens is adapted to the first optical disk and has a numerical aperture of l^etweeri 0.55 
and 0.65. 

40 [0027] Preferal>ly. the objective lens has an effective numerical aperture of between 0.40 and 0.50 upon incidence of 
the second laser t>eam. 

[0028] Thus, in recording and/or reprodudng of the first optical disK the first laser beam is transmitted through the 
optical devk:e without any change and focused on a signal recording surface of the first optteal disk tjy the objective 
lens. On the other hand, in recording and/or reproducing of the second optical disk, the periphery of the second laser 

45 t>eam is substantially sNelded by the periphersU region of the optical device and the diameter of the central portion of 
the second laser beam is increased by the central region of the optical device, so that the second laser beam is focused 
on the signal recording surface of the second optical disk by the objective lens. Ihus. the optical pickup device is capa- 
ble of performing recording and/or reproducing for the first and second optical disks fiaving substrates witii different 
thicknesses. 

so ' 

Brief Descnption of the Drawings 

[00291 

55 Rg. 1 is a diagram showing a relation between a pit depth of an optical disk and intensity of lightteflected therefrom 
for every laser t>eam vinth a different wavelengtii. 

Fig. 2 is a diagram showing a structure of an optical pnkup device in accordance with an embodiment of the 
present invention. 
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Fig. 3 is a block diagram showir^g an overall ^angemept of an optical disk reproducing apparatus including the 
opticai pickup device shown in Fig, 1 . 

Fig. 4 is a top view showing a structure of a semiconductor laser shown in Rg. 2. 
Fig. 5 is a top view of an optical de^ce shown in Ftg. 2. 
Fig! 6 is a cross sectional view of the optical device shewn m Fig. 5. 

Fig. 7 is a diagram showing an optical path when a laser beam with a wavelength of 635 nm enters the optkal 
device shown in Figs. 5 and 6. 

Figs. 8 to 12 are diagrams showing optk;al paths when a laser beam with a wavelength of 780 nm enters the optical 
devfeeshown inFtgs.5and6, 

Fig. 13 is a cross sectional view showing in enlargement a central region of the optical devk:e shown in Fig. 6. 
Fig' 1 4 e a diagram showving a function of phase difference used for deternuning a height of each step of annular 
convex portions in a hologram shown in Fig. 13. 

Rg. 15 is a diagram showing a relation between a height of each step of annular convex portions in the hologram 
and 0th and ± first order diffraction efficiencies for the laser beam with the wavelength of 635 nm. 
Fig. 16 is a diagram showing a relation between a height of each step of annular convex portions in the hologram 
and 0th and ± f irst order diffraction efficteruaes for the laser beam with the wavelength of 780 nm. 
Fig. 17 is a diagram collectively showing the cfiffractwn efTiciencies shown in Figs. 15 and 16 for determining the 
height of each step of annular convex portkjns. 

Fig. 1 8 is a diagram showing an optk:al path of the laser beam with the wavelength off 635 nm in reproducing a DVD 
20 by the optical pk^kup device shown in Fig. 2. 

Rg. 19 is a diagram showing an optical path of the laser beam with the wavelength of 780 nm in reproducing a CD- 
R or a CD-ROM by the optical pickup device shown in Fig. 2. 

Rg. 20 is a diagram showing one mocfif katfon of the optical device show^m m Rg. 6. , 
Figs. 21 to 28 are cross sectional views showing another modifkattons of the optical device. 
Fig 29 is a top view showirig still another nriodiffication of the optical devk^ 

Figs. 30 to 33 are diagrams showing optfcal paths when the laser beam witti the wavelength of 780 nm enters the 
optical device shown in Fig. 29. 

Rg 34 is a top view showing still another nTodificalion of the optkad . device. 

Fig* 35 is a diagram showing a polarizing direction of a polarizing f iter formed In the peripheral regfon shown in Rg. 

34. . . 

Rg 36 is a top view showing still another nrtodificalion of the optical device. 

Rg^ 37 is a diagram partially showing in enlargement a polarizing glass in the peripheral region of the optical devfce 

shown in Fig. 36. . ^ _, 

Rg. 38 is a diagram showing an opttoal system of the optfcal pickup device according to an embodiment off the 

present invention. «. ^ , • • = 

Fig. 39 is a diagram showing a relation between a focal length and a wavelength off a coHimator lens shown in Rg. 

38 

Rg 40A is a diagram showing an optical path when the laser beam with the wavelength of 635 nm enters the col- 
limator lens, and Fig. 40B is a diagram showing an optical path when the laser beam with the wavelength of 780 
nm enters the collimator lens. 

Fig 41 A fe a diagram showing a modif ication o1 the semiconductor laser with an optfcal path when the laser beam 
with the wavelength of 635 nm enters the collimator lens, and Ftg. 41 B is a diagram showing an optical path when 
the laser beam with the wavelength of 780 nm enters the collimator lens from the semiconductor laser shown in 

F^' 42 a diagram showing a modif icatfon of the semiconductor laser with an optteal system of the optfcal pfckup 

device. ' .=.^10 

Fig. 43 is a diagram showing a structure off the semkx>rvluctor laser shown in Fig. 4Z. 

Fig. 44A is a side view showing a modif nation of the semiconductor laser, and Fig. 44B is a top view of the semi- 
conductor laser shown in Fig. 44A. 

Fig. 45 is a diagram showing an arrangement off two laser chips m the semiconductor laser. 
Fig. 46 is a diagram showing a modif k:atton off the two laser chips in the semiconductor laser. 
Fig. 47 is a diagram showing another modificatxjn of the two laser chips in the semk»nductor laser. 
Fig 48 is a partially cutaway perspective view showing stUl another modificatk>n off the semkxxiductDr laser. 
Fig. 49A is a circuit diagram of the semfconductor laser shown in Fig. 48. and Figs. 49B to 49D are another circuit 

diagrams. , ^ 

Fig. 50 is a diagram showing the optkal system of the optical ptekup device in accordance with an embodiment off 

the present inventton. ... . ^ , ._i 

Fig. 51 A is a lop view of the optical pickup devfce. and Fig. 51 B is a cross sectional view showing the optical pickup 
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device in f^g. 51 A. • * t r 

Fig. 52A is a top \/iew showing a modification cf the optical pidajp device, and fig. 528 is a cross sectional view 
showing the optical pickup device in Fig. 52A. 

5 Best Mode for Carrying CXit the Invention 

[0030] The embodlnnents of the present invention will now be descra>ed In detail with reference to the drawings. It is 
noted that the same or corresponding portions in the drawings have the same reference numerals and the description 
thereof will not be repeated hera 

10 

[Standard and Reproducing Condition for Subject Optical Disk] 

[0031 ] The following table shows a rated value and a reproducing conditkm for a CD-ROM. a CD-R and a DVD. whk:h 
are compatibly reproduced t)y an optical pickup device according to an emtxxJIment of the present invention. 

IS 



Type 


CD-ROM 


CD-R 






Substrate 
Thickness on 
Reading Side 


1.2rom 
(1.1-- 1.3mm) 


1.2mm 
(1.1— 1.3mm) 


0.6mm 

(0.55— O.eSmm) 


Valu 


Minimum Pit 
Length 


0.90»im 
(0.8— 1.0/1 m) 


O.SO^m 
(0,8— 1.0 Mm) 


0.40tim 
(0.3— 0.5 Mm) 


Rated 


Track Pitch 


1.6/im 
(1.5—1.7 Mm) 


1.6 Aim 
(IS— 1.7 Mm) 


0.74 Mm 
(0.73—0.75 M m) 




Reflectance 


At least 60—70% 


At ieast60-70% 


^i}^ 1 20-40% 
70% J 


hit 

.5 c 


Spot Diameter 


l.b$im 
(1.4— 1.6 II m) 


1.5m m 
(i.4— 1.6Mm) 


0.9Mm 
(0.86— 0.95 Mm) 


roduci 
n ditto 


Numerical 
aperture 


0.45 
(0.40—0.50) 


0.45 
(0.40—0.50) 


O.eo 

(0.65—0.65) 




Wavelength 


780 
aeS— 793) 


780 
<765-795) 


635 
(620—680) 



ss 



10032] As shown in the tat)le. lor the CD-ROM, a thickness of a sutsstrate is 1.2<with tolerance of ±0.1 )nrim. a minimum 
pit length is 0.90 (with tolerance of ±0.l)Mm, a track pitch is 1.6 (with tolerance of ±0.1)Mm and a reflectance is at least 

40 60 % to 70% for a laser beam with a wavelength off 780 nm. Furttier, a spot dtameter of the laser t3eam during repro- 
duction is 1 ^ (with tolerance of ±0.1 )Mm. a numerical aperture of an objective lens is 0.4S<with toterance of ±0.05) and 
a wavelength of the laser beam is 780 (with tolerance of ±1 5)nm. The CD-R has ttie same thidgiess of sutsstrale. min- 
imum pit length, track pitch, reflectance, spot diameter during reproduction, numerical aperture of <±ifective lens fimd 
wavelength of laser beam as those for the Etbove mentioned CO-BOM. 

45 [0033] On the other hand, for the DVD, a thickness of sutastrate is 0.6 (with tolerance of ±O.OS)mm. a minimum pt 
length is 0.40 (with tolefance of ±0.1)Mm, a track pitch is 0.74 (with tolerance off ±0.01 )Mm and a reflectance is at least 
70% (try the case of one layer DVD) or at least 20 % to 40% (in the case of two layered DVD) for a laser beam with a 
wavelength of 635 nm. Furttier. a spot diameter of the laser k>eam during reproduction is 0.9<witi tolerance of ±O.S)pm. 
a numerical aperture of an objective lens is 0.60 (with tolerance off ±0.05) and a wavelength of the laser beam is'635 

so (with tolerance of 620 to 680)rm. 

[Structure of OpHcal Pickup Device] 

[0034] Referring to Rg. 2. an optical pickup device 10 according to an embodiment of the present inventfon includes: 
55 an objective lens 7 arranged opposite to an optical disk; a semiconductor lasef 1 selectively generating laser beams 
with wavelengths of 635 (with tolerance of ±15)nm and 780 (v^ tolerance of ±15)nm; an optk;al devk» 5 arranged 
immediately below objective lens 7; an actuator 6 holding both objective lens 7 and optical device 5; a rrvnor 4 arranged 
immediately below objective lens 7 and optical device 5 for reflecting a laser beam directed from serncorxluclor laser 
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1 in a direction parallel to a main surface o1 the optical cfisk in a direction perpendicular to the main surface of the optical 
disk; a half mirror 2 perpendicularly reflecting the laser beam directed from semiconductor laser 1 toward rising mirror 
4; a coHinnator lens 3 arranged between rising mirror 4 and half mirror 2 for collimating the laser beam directed from 
semiconductor laser 1 ; and a photodetector 8 receiving the laser beam reflected by the optical disk. 

5 [0035] Thus, half of the laser beam emitted from semiconductor laser 1 is reflected by half nnnror 2 toward collimator 
lens 3 for coHimation and raised by rising min-or 4. The raised laser beam is collected tsy objective lens 7 through optical 
device 5 and focused on a signal recording surface 9a or 99a through a transparent sut^strate 9 of the DVD or a trar^- 
parent substrate 99 of the CD including pdycartDonate, The laser beam reflected by signal recording surface 9a or 99a 
travels t>ack to half min^or 2 through transparent substrate 9 or 99. objective lens 7. optical device 5. mirror 4 and coBi- 

10 mator lens 3. Half of the laser beam is transmitted through half minor 2 and detected by photodetector 8. 

[0036] Here, objective lens 7 is adapted to the DVD and has a numerical aperture of 0.60 (with tolerance of ±0.05). 
In other words, objective lais 7 is designed to focus the collimated laser beam with the wavelength of 635 nm on signal 
recording surface 9a of the DVD. 

[0037] Semiconductor laser 1 further includes laser chips 1 a anA 1 b oscillating laser beams with the wavelengths of 
75 635 nm and 780 nm. respectively. In reproducing the DVD. laser chip la is activated by a semiconductor laser driving 
circuit 1 8. In reproducing the CD*ROM or the CD-R. laser chip lb is activated by semiconductor laser driving circut 18. 
[0038] As shown in Fig. 3. optical pickup device 1 0 further includes a servo mechanism 1 3 performing focusing control 
and tracking control for otijective lens 7. The focusing control allows ot^ective lens 7 to be perpendicularly moved with 
respect to the main surface of the optical disk such that the laser beam is always focused on signal reconding surface 
• so 9a or 99a. In addition, the tracking control allows objective lens 7 to be perpendicularly moved with respect to the direc- 
tion in which a track is moved such that the laser beam is always directed on the tnsick. 

[0039] An optical disk reproducing apparatus using the abos/e mentioned optical pickup device 10 includes a pream- 
plifier 1 1 , a servo circuit 12, a determining circuit 14. an instructing circuit 15. an RF demodulating circuit 16, a charac- 
teristic switching circuit 1 7, semiconductor laser driving circuit 18 arxJ a corrtroi circuit 19. 
25 [0040] Photodetector 8 detects the laser beam reflected tiy signal recording surface 9a or 99a to generate a repro- 
duced signal, which is then applied to preamplifier 11. The reproduced signal is applied to determining circuit 14. the 
RF demodulating circuit and servo circuit 12 after it is amplified by preamplifier 11. Servo circuit 12 controls a servo 
mechanism 13 in response to a focusing error signal and a tracking enor signal of the applied reproduced signal 10. On 
the other hand, determining circuit 14 identifies the type (the DVD, CD-ROM or CD-R) of the optical disk mounted to the 
30 apparatus in response to the applied reproduced signal, and applies the identifkation result to instructing circuit 15. 
Instructing circuit IS switches laser chips la and lb of semiconductor laser 1 for adapting to the identified optical disk 
and thus applies an instruction to control circuit 19 in accordance with the applied kjentification result. As instructing 
circuit 15 also switches RF demodulating circuit 16 for adapting to reproduction of the identified optical disk and thus 
applies an instruction also to characteristic switching circuit 17 in accordance with the applied identification result Con- 
as trol circuit 19 controls semiconductor laser driving circuit 1 8 such that laser chips 1 a and 1 b are switched in accordance 
with ttie instruction from instructing circuit 15. Characteristic switching circiDt 17 switches the characteristic of RF 
demodulating circuit 1 6 for performing reproduction suitable for the optx^al disk mounted to the apparatus in accordance 
with the instruction from instructing ctrcuit 15. 

[0041] Referring to Fig. 4, semiconductor laser 1 includes, in addition to laser chips la and lb, a base 1c to which 
40 these laser chips la and lb are mounted, and a package Id for accommodating laser chips la and lb and base 1c. 
Three notches k1 . k2 and K3 are formed in package Id and laser chips la and lb are mounted such that their emittance 
openings PA and PB are arranged on an imaginary line between notches l£ and IQ. SenioorKluctor laser 1 is posi- 
tioned such that the spots which are formed by laser beams from laser chips la and lb on signal recording surface 9a 
or 99a are symmetrically arranged on either side of the track. More specifk;ally. senruconductor laser 1 is positkxied 
45 such that the direction of k2-k3 corresponds to the direction of trackirig (the radial cfirection) of the optical disk. The 
anangement will be later descritied in detail. 

[0042] It is noted that while the above mentioned laser chips 1 a and 1 b are separately manufactured and mounted to 
base 1c, they may also be manufactured together txy crystal growth on a single semiconductor sut>strate. In addition, a 
distarxse L between emittance openings PA and PB of laser chips 1 a and 1b is fex example between lOOjim arxJ 500pm. 

so [0043] Referring to Figs. 5 to 7. optical device 5 has a central region 5b in a round shape and a per?>heral region 5a 
thereof. Central region 5b allows transmission of the laser fc>eam wath the wavelength of 635 nm v^thout any change and 
increases a diameter of the laser beam with the wavelength of 780 run by diffraction. Thus, a hologram 20 is formed in 
central regbn 5b. On the other hand, peripheral region 5a allows transmission of the laser beam with the wavelength of 
635 nm without any change and substantially shields the laser beam with the wavelength of 780 run by diffraction. 

55 Therefore, a diffraction grating 21 is formed in peripheral region 5a. 

[0044] As shown in Fig. 6, a cross section of central region 5b of optical device 5 lias protrusions generally in trian- 
gular fbnns. whereas a cross section of peripheral region 5a has protrusions in square-like forms. More specifically, 
hologram 20 in central region 5b includes a coaxially formed plurality of annular convex portions 22. Each annular con- 



7 



GNSOOCIO: <eP g836B0<A1 .L> 



EP0936 604A1 



vex portion 22 has four st^ps 22a. Pitches PI of annular convex portions 22 become narrower as closer to the periph- 
eral region so that hologram 20 is provided with a lens effect. A height of each step ^ is determined so that hologram 
20 functions as a lens only for the laser beam with the wavelength of 780 nni The height of each step 22a win later be 
described in detaS. On the other hand, diffraction grating 21 in peripheral region 5a includes a plirality of convex per- 

5 tions in a striped pattern (hereinafter referred to as striped convex portions) 23 which are formed in the same direction. 
As striped convex portions 23 are formed with constant pitches P2 (preferably between Spm arxj ^2\sm), diffraction grat- 
ing 21 has the same diffraction constants. A height of striped convex portion 23 is also determined such that diffraction 
grating 21 functions only for the laser beam with the wavelength of 780 nm. The height of striped convex portion 23 will 
also be later desaibed in detail. It is noted that optical device 5 with such structure can readily t>e manufactured t>y etch- 

10 ing a glass 24. 

[0045] Referring to Figs. 7 to 12. the function of optical device 5 will now be descri>ed. 

[0046] As shown in Fig. 7. when a collimated laser beam 25 with the wavelength of ^635 nm enters optical device 5. 
the entered laser k>eam 25 is transmitted through optical device 5 without any diffraction. This is t>ecau5e optical 
5 does ntil function at all for laser beam 25 with the wavelength of 635 nm. The transmitted laser beam 25 enters and 
15 is collected t^y abjective lens 7 and is focused on signal recording surface 9a of OVD 26. It is noted that in Fig. 7. a part 
of a cross section of optical device 5 is shown in enlargement 

[0047] On the other hand, as shown in Figs 8 and 9, when collimated laser beam 27 with the wavelength 780 nm 
enters optical device 5. laser beam 28 of laser beam 27. which has t^een tFEmsniftted through optical device 5. outwardly 
travels while increasing its diameter. In addition, as the diameter of laser beam 27 entering optical device 6 is larger 

20 than that of central region 5b. laser beam 27 also enters peripheral region 5a. Diffraction grating 21 is formed in periph- 
eral region 5a so that the periphery of laser beam 27 is greatly diffracted toward both right and left sides around laser 
beam 28. More specifically, -i^trst order diffraction beam 29 due to diffraction grating 21 travels toward the left with 
respect to laser beam 28 in the drawing. Meanwhile, -first order diffraction beam 30 due to diffraction grating 21 travels 
toward the right with respect to laser beam 28 in the drawing. Thus, only laser beam -28 which has been transmitted 

25 through central region 5b of optical device 5 is transmitted to and collected by objective lens 7 and is focused on signal 
recording surface 99a of the CD-ROM. As laser beams 29 and 30 which have been transmitted through peripheral 
region 5a of optical device 5 are greatiy diffracted by diffraction grating 21 formed in peripheral region 5a. they do not 
enter objective lens 7. In other words, the periphery of laser beam 27 with the wavelength 780 nm. which has been 
transmitted to optical device 5 is substantially shielded by peripheral region 5a of optical device 5. 

30 [0048] Here, laser beam 28 transmitted through optical device 5 and traveling outwardly while increasing its diameter 
is -first order diffraction beam LB-1 . Strictly speaking, k>esides -first order diffraction beam LB-I . there are 0th order dif- 
fraction beam LBO, +f irst order diffraction beam (not. shown) or the like. However, the intensity of such diffraction beam 
is kept as low as possble. The outwardly traveling -first order diffraction beam LB-1 is employed due to the following 
reason. That is. as objective lens 7 is designed for DVD 26. merely shielding of the periphery of laser beam 27 with ihe 

35 wavelength of 780 nm does not allow accurate focusing of the laser beam, which has been transmitted through objec- 
tive lens 7 in parallel, onto signal record ng surface 99a of CD-ROM 31 . Thus, aberration is<aused. Therefore, a diam- 
eter of central regton 5b of optical device 5 and a shape of hologram 20 formed in central region 5b are determined such 
that an effective numerical aperture of objective lens 7 for 0th order diffraction beam LBO and -first order diffraction 
beam LB-1 is 0.45. It is noted that in Fig. 8, a part of the cross section of optical device 5 is shewn in enlargement. 

40 [0049] In the above description, while laser beams 29 and 30 trarsmitted through peripheral regton 5a of optical 
devfoe 5 are diffracted so that they do not enter objective lens 7. as shown in Figs. 1 1 and 12, even If laser beams29 
and 30 enter objective lens 7. they are not focused on the sanne point 

[005Q] Optical device 5 is fixed to actuator 6 for holding ob|ective lens 7 as shown in Fig. 2. Actuator 6 is connected 
to servo mechanism 13 shown in Fig. 3. Servo mechanism 13 is responsive to a focusing error signal from pftotodetec- 
45 tor 8 for moving actuator 6 in a direction of an optical axis, and is responsive to a tracking error signal from photodetec- 
tor 28 for moving actuator 6 in the radial direction of the optical disk. As optical device 5 is thus fixed to objective lens 
7. it moves along with objective lens 7. 

[0051 ] As descn*bed above, optical device 5 substantially shiekis the periphery of laser beam 27 with the wavelength 
of 780 nm and diffracts the central portion of laser beam 27 outwardly to increase its dicuneter. theret>y focusing laser 
so beam 27 on signal recording surface 99a of CD-ROM 31 . In addition, optical device 5 allows transmission of the laser 
beam with the wavelengtii of 635 nm without any diffraction, tfiereby focusing laser beam 25 on signal reoorcfing suifaoe 
9a of DVD 26. 

[0052] Now. a method of determing a height hi of each step 22a of amular convex portion 22 having four steps as 
shown in F«. 13 wiP be described. 
55 [0053] First, a function of phase difference 4>(x) as shown in Fig. 14 is assumed. When a perfod T of the function of 
phase difference is s'ignif icantiy large as compared with a wavelength X of the laser beam and a thickness of the diffr^- 
tion region, mfth order diffraction efficiency T|m is generally provided in accordance with the following expression -(1). 
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(1) 



[0054] Here, A(x} is a transirvttance at x. A(x)»1 is hereinafter assumed. 

[0055] The function of phase difference ^x) shown in Fig. 1 4 is provided in accordance with the following expressions 
(2). 
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[0056] Here, n is a refractive index of the material of annular convex portion 22 in hologram 20 and nO is a refractive 
index in the vicinity of annular convex portion 22 (usually a retractive index of air). 
[0057] Diffraction efficiencies where in«0 and ms±1 are as follows. 
ifm = 0 



lo' 



+ COSWx) + COS2<|>(x) + COS3MX)) ^ + (SiN4<x) + SIN24>(x) + SIN3W30)^l 

ID 



<3) 



if m = -1 



= -1- {<1 - COS^Mx) - OOS24»(x) + COS3*(x) - BlH^ix) + SIN2*(x) + SIN3«x))^ 
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t| .1 « {(1 - COSiMx) - COS2i|Kx) + COS3WX) - Smix) + SIN2^(x) + SIN3«x)) ^ 
+ (1 + COS<|>(x) - COS24^(x) - COS3<»(x) + SIN4»(x) + SIN24>(x) + SIN34»(x))^) 



(5) 



[0058] Fig. 15 is a diagram showing a relation between height hi of each step 22a and diffraction efficiency r\m wfiere 
Xb635 run, n»2.3368 and nOol . As is apparent from Fig. 15. wtien h«o.475>im. 0th order diffraction efficiency tiO of the 
laser beam with jhe wavelength of 635 nm is the highest and -f irst order diffraction effictency n-l and -ff irst order diffrac- 
tion efficiency n1 stre the lowest 

[0059] Fig. 16 is a diagram showinjg a relation k>etween height hi of each step 22a and diffraction efTiciency Tim where 
Xs780 nm. n=2.3368 and nOel . As is apparent from Fig. 16. when h=0.455|im, -first order diffraction efficiency t|-1 off 
the laser beam with the wavelength of 780 nm is the hi^^est and 0th order diffraction efficiency nO and 4lirBt order dif- 
fraction efficiency ti I are the lowest 

[0060] As described above, height hi is determined such tliat 0th order diffraction beam of the laser beam with the 
wavelength of 635 nm and -first onder diffraction beam of the laser beam with tfie wavelength of 780 nm are large. As 
shown in Fig. 17. for example, heighthi must be between 0.448jim and 0.482^m to make Olh order diffraction efficient 
r\0 for the wavelength of 635 nm at least 90% and -first order diffraction efficiency t|-1 for the wavelength of 780 nm at 
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least 70%. > . 

[0061] Now. a method of determining a height h2 of striped convex portion 23 in cfiffraction grating 21 tbrmed in 
per^heral region Sa of optical device 5 will be desaibed. Height h2 is determined in accordance with the following 
expression {6>. Here, m is an integer. X is a wavelength of a laser beam to be transmitted without any diffraction, n is a 

5 refractive index of a material for striped convex portion 23 m diffraction grating 21 and nO is a refractive index m the 
vicinity of striped convex portion 23 (usually a refractive index of air). 

h2 = m X X/(n - nO) <6) 

10 [0062] Given that m=1 , Xs=635 nm, n=2.3368 and nO=1 . then h2=0.475|im. 

[0063] By determining height h2 as described above, diffraction grating 21 v«th wavelength selectivity, which allowvs 
transmission of the laser beam with the wavelength of 635 nm without any diffraction and allows diffraction of the laser 
beam with the wavelength of 780 nm, is formed. 

[0064] It is noted thiat diffraction grating 21 may be provided with wavelength selectivity by forming on diffraction grat- 
is ing 21 a film of cyanine dye having a refractive index virhich changes with a wavelength. Cyaninedye has a refractive 
index of 1 .50 for the laser beam of the wavelength of 635 nm and a refractive index of 1.6$ for the laser beam with the 
wavelength of 780 nm. On the other hand, diffraction grating 21 formed of glass has a refractive index of 1.50 for tfie 
laser beam of tfie wavelength of either 635 nm or 780 nm. Thus, the diffraction grating does not function for the laser 
beam with the wavelength of 635 nm. Accordingly, the diffraction grating with wavelength selectivity, which allows dif- 
20 fraction of the laser beam with the wavelength of 780 nm but not of the laser beam with tfie wavelength of 635 nm. is 
formed. 

[Operation of Optical Pickup Device] 

2S [0065] The operation of the optical pickup device fiaving the above mentioned structure will now 1^ described. 

[0066] In reproducing the DVD, laser chip la is activated by semiconductor laser driving circuit. 18 as sfwwn in^ig. 
18. Thus, half of the laser beam with the wavelength of 635 nm emitted from semioorxluctor laser 1 is reflected by half 
mirror 2. colli mated l>y collimator lens 3. raised by minor 4 and transmitted through opikal device 5 without any diffrac- 
tion. The transmitted laser beam is transmitted to and collected by objective lens 7 and focused on signal recording sur- 

30 face 9a through transparent substrate 9 of the DVD. A spot diameter of the laser beam on tfie signal recording surface 
is 0.9 (wrtth tolerance of ±0.1 )Mm. 

[0067] On the other hand, in reproducing the CD-R or theCD-ROM, as shown in Fig. 19, laser cfiip lb is activated by 
semicorKluctor laser driving circuit 18. Thus, half of the laser beam with the wavelength of 780 nm emitted from semi- 
conductor laser 1 is reflected by half mirror 2. collimated by collimator lens 3. raised by rising mirror 4. Thereafter, tfie 

35 periphery of the laser tDeam is substarrtially shielded by optical devk:e 5 and only central portion thereof is irxxeased in 
diameter by diffraction. The laser beam transmitted tfirough centrEil region 5b of optk^al device 5 is transmitted to and 
collected by objective lens 7 and focused on signal recorcfing surface 99a through transparent substrate 99 of tfie CD- 
R or CD-ROM. A spot diameter of the laser beam on signal recording surface 99a is 1 .5 {with tolerarK» of ±0.1))im. 
[0068] As descri:>ed above, according to the embodiment of the present invention, hofogram 20 is formed for alkswing 

40 transmission of tfie laser beam with the wavelength of 635 nm through the central region of optical devk^ 5 arranged 
Immediately below objective lens 7 without any diffraction and for irK^reasing tfie diameter of the laser beam with tfie 
wavelength of 780 nm by diffraction. Further, diffraction grating 21 is formed for allowing transmissfon of the laser beam 
with the wavelength of 635 nm tfvough peripfieral region 5a of optfoal devfoe 5 witfiout anydiffractfon and for sutxtan- 
tially shiekJing the laser beam with the wavelength of 780 nm tv difffractton. Therefore, the laser beam with the wave- 

45 length of 635 nm is focused on signal recording surface 9a of tfie DVD t>y obieciive lens 7 and the laser beam with tfie 
wavelength of 780 nm is focused on signal recording surface 99a of the CD-R or CD-ROM 31 . As a result, the optical 
pickup device according to the present embodiment is capable of compatibly reproducing the DVD. CD-R andCD-ROM. 
[0069] In addition, the optical pickup device empfoys the laser beam with the wavelength of ^635 nm whKh is tlie most 
suitable for tfie DVD arxj also empfoys the laser beam with the wavelength of 780 nm whk:h Is the moot suitable for tfie 

so CD-R or CD-ROM. Thus, the optfoal pickup devfoe can suitably reproduce any of the DVD. CD-fi andCD-fOM. 

[0070] Furtfier. the optfoal pkdojp devfoe is manufactured by simply adding to the conventional Gptk:al pk:kup devk:e 
one optical devfoe 5 fiaving both hologram 20 and diffraction grating 21 . Therefore, the optical picktp device t^an be 
manufactured almost in the same size as tfiat of tfie conventional optical pickup devfoe. 

[0071] Further, as optical device 5 is fixed to otD^ective lens 7, accurate focusing of the laser beam on the signal 

6 recording surface can be achieved even if objective lens 7 is moved for focusing and tracking. In addition, as optical 
devk:e 5 does not have any part which woufo be electrk:ally or mechanfoally influenced, it is lesssusceptfole to txeak- 
down. 
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[Modification of Optical Device] „ ^. . 

[0072] While annular convex portion 22 of hologram 20 formed in central region 5b of the above mentioned optical 
device 5 has steps on the inner side as shown in Fig. 6. it may have st^ on the outer side as shown in Fig. 20. 
5 [00731 VSmiie annular convex portion 22 of the above mentioned hologram 20 has four steps 22a as shown in Fig. 6. 
it may have seven steps as shown in Fig. 21 and, the nuiflber of the steps is not particularly limited. 
[0074] VM\e annular convex portion 22 of hologram 20 has a plurality of steps, annular convex portion 32 having an 
inclined surface 32a instead of steps may be fonned. . . , 

[0075] While hologram 20 and diffraction grating 21 are formed on the same surface in the above mentoned optical 

10 device 5 as shown in Figs, 23 and 24. they may be formed on muluaDy opposed surfaces. In this case, the diffraction 
grating may be formed on the surface on the side of objective lens 7 and hologram 20 on the surface on the opposite 
side as shown in Fig. 23. or hologram 20 may be formed on the surface on the side of objective lens 7 and diffraction 
grating 21 on the surface on the opposite side as shown in Fig. 24. In the case where hologram 20 and diffraction grat- 
ing 21 are formed by etching, vi^en the heights of convex portions 22 and 23 of hologram 20 and diffradfon grating 21 

IS are different, optical device 5 can more easily be manufactured by thus forming hologram 20 and diffraction grating 21 
on the different surfaces. ^ ^ • 

[0076] In addition, in the case of hologram 20 formed of annular convex portion 32 having inclined surface 32a. sim- 
ilariy. hologram 20 and diffraction grating 21 may be formed on the mutually opposed surfaces as shown in Figs. 25 and 

HMTTTI Although diffraction grating 21 is formed in peripheral region 5a in the above mentioned optical device, alter- 
natively, hologram 33 may also be formed in peripheral region 5a as shown in Fig. 27. Annular convex portions 22 of 
hologram 33 in peripheral region 5a are coaxially formed in a similar manner as those of hologram 20 in central region 
5b ^ with prescribed pitches P3. According to optical device 5 shown in Fig. 27. hologram 33 is also fornned in periph- 
eral region 5a so that all of the laser beam transmitted to peripheral region 5a would be outwardly diffracted and not 
inwardly diffracted to enter objective lens 7. As a result, noise due to the invrardly diffracted laser beam is reduced. 
[0078] It is noted ttiat wWIe annular convex portion 22 shoMm in Fig. 27 has steps on the inner side, it may also have 
steps on the outer side as shown in Fig. 28. 

[0079] In addition, although diffraction grating 21 of optical device 5 has the same grating constants, rt may have var- 
ying diffraction constants as shown in Fig. 29. More specifically, the pitches of the striped convex portions of the diffrac- 
tion grating formed in peripheral region 5a of optical device 5 may gradually beconrie narrower from the right to left side 

[0OT0]^'^Now a diffraction function of optical device 5 will be described witii reference to Figs. 30 to 33. 
[0081 ] When a laser beam 27 with the wavelength of 780 nm enters optical device 5. the central portion off laser beam 
27 which has entered a hologram passes to a laser fc>eam 28 which gradually increases its diameter as described 
above The periphery of laser t>eam 27 w/hich has entered a diffraction grating is signif icantiy diffracted outwardly sboiA 
laser beam 28. Here. +first order diffraction beam 29 on-the left side travels while reducing its diam^er, whereas ^irst 
order diffraction beam 30 on the right side travels while increasing its diameter. 

[00821 As the diffraction grating formed in peripheral region 5a of optical device 5 has varying diffraction constants, + 
and -first oider diffraction beams 29 and 30 do not travel back to optical device 5 through the same path as they traveled 
forward Thus, noise due to diffraction t>eams 29 and 30 can fc>e reduced. 

[00831 In addition, peripheral region 5a of optical device 5 needs only substantially shield the laser beam with the 
wavelength of 780 nm and a polarizing fitter may be fomied in peripheral region 34a of optical device 34 as shown in 
Fig 34 A hologram is formed in central region 34b of optical device 34 in a similar manner as described above. The 
polarizing filter formed in peripheral region 34a has a polarization direction in a longitudinal direction of the drawing as 
shown m Fig. 35. Thus, peripheral region 34a allows transmission of the laser beam polarized in the tongitudinal direc- 
tion of the drawing witiwut any diffraction, but sNelds tiie laser beam polarized in a transverse direction in the drawing 
by reflectance. In the optical pickup device having such optical device 34. semiconductor laser 1 must polanze the laser 
beam with the wavelength of 635 nm in the longitudinal Erection off the drawing and the laser beam vifith the wavelength 
of 780 nm in the transverse direction in the drawing. Thus, while all of the laser beam with the vravelengih of 635 nm is 
transmitted through optical device 34, the periphery of the laser beam with the wavelengtti of 780 nm is sHelded by 
peripheral region 34a and only central portion thereof is diffracted by the hologram and reaches ot^eclive lens 7 while 

increasing its cfiameter. ■ . ' * 

[0084] As shown in Fig. 36. a polarizing glass may be fonned in peripheral region 35a of optical device 35. A hologram 
is fonned in central region 35b of optical device 35 as in the case described abova The polarizing glass is obtained by 
burning a glass surface on which silver atoms are applied in elongate shapes as shown in Fig. 37 for absorption off the 
laser beam wrth the wavelength of 780 nm. An aspect ratio R1/R2 of the applied silver atoms is between 1 and 5. In 
optical device 35. aspect ratio R1/R2 is s^ to absorb only the laser beam witii tine wavelengtti of 780 nm. Aocorcfingly, 
when such optical device 35 is employed, all of the laser beam with the wavelength of 635 nm is transmitted through 
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optical device 35, \whereas the periphery of th§ laser beam with the wavelength of 780 nm is shielded by the polarizing 
glass and the central portion thereof is diffracted to reach objective lens 7 while tnoreasing its diarneter. 
[0085] It is noted that as the glass needs only shield the ^^.i.^ beam with the wavelength of 780 nm by absorption, a 
colored glass for absorbing the laser beam with the waveler/.u^i of 780 nm may be employed in place of the polarizing 
5 glass. 

[0086] Further, although the central region of the optical device selectively causes a diffraction phenomenon k\ 
accordance with the wavelength of the laser beam, the present invention is not limited to this and the central region of 
the optical device may selectively cause diffraction phenomenon in accordance with a plane of polarization of the laser 
beam. More specifically, the central region of the optical device may diffract only laser beam polarized in the transverse 
10 direction in the drawing and not the laser beam polarized in the longitudinal direction in the drawing. 

[Modification of Semiconductor Laser] 

[0087] When laser chips 1 a arxj lb are arranged on the same plane perpervJicular to an optical axis as shown in Fig. 
15 38, a focal length for collimator lens 3 indudng a single material varies in accordance with the wavelength of tfie laser 

beam. More specifically, the focal length of collimator lens 3 for the waveler^gth of 780 nm is longer l>y 0.15 mm than 

that for the wavelength of 635 nm Such variation in focal distances way cause chromatic aberration. 

[0088] When laser chips 1 a and 1 b are arranged on a focal point of collimator lens 3 for the laser beam with the wave- 

length of 635 nm. for example, a laser beam 25 with the wavelength of 635 nm emitted from laser chip la is transmitted 
20 through and collimated by collimator lens 3 as shown in Fig. 40A. However, a laser beam 27 with the wavelength of 780 

nm emitted from laser chip lb is not collimated even after it is transmitted through collimator lens 3 as shown ining. 

40B. Thus, laser beam 27 with the wavelength of 780 nm is not accurately focused on the signal recording surface of 

the CD-R or CD-ROM by objective lens 7, whereby chromatic aberration is caused. 

[0089] Then, to avoid such chromatic aberration, preferably, laser chip 1 a is spaced by a first focal length F1 from the 
25 collimator lens such that laser beam 25 with the wavelength of 635 nm is transmitted through and collimated by colli- 
mator lens 3. and laser chip lb is spaced by a second focal length F2 which is longer than first focal length F1 by 0.15 
mm from collimator lens 3 such that the laser beam with the wavelength of 780 nm is transmitled through andcolimated 
by collimator lens 3 as shown in Rg. 41 B. 

[0090] H is noted that, in Fig. 38. a beam splitter 36 is arranged between optical device 5 andcollimator tens 3 in place 
30 of half mirror 2. Thus, a coHecting lens 37 is arranged between beam splitter 36 and photodetector 8 forcoflecting the 
laser t>eam from beam splitter 36 to photodetector 8. 

[0091] Further, to avoid displacement of optical axes, only one emittance opening may be provided for the laser 
beams with wavelengths of 635 nm and 780 nm. As shown in Fig. 42, for example, semiconductor laser 31 has an opti- 
cal waveguide 39 for combining the laser beams with the wavelengths of "635 nm and 780 nm. Optical waveguide 39 is 
35 in a shape of Y as shown in Fig. 43. arxl includes two incident openings fadng the emittance openings of laser chips 
la and lb respectively, and an emittance opening communicating with these two incident openings. According to such 
semiconductor laser 38. luminous points of the laser t)eams with the v«/avelengths of 635 nm and 780 nm are substan- 
tially the same, so that displacement of optical axes is prever?ted. 

[0092] While laser chips la arxJ 1 b are mounted to base l c adjacem to each other as shown in Rg. 44A arxJ 44B. a 
40 prescribed distance PL1 is provided between their emission points PA and PB as shown in Fig. 45. Distance PL1 cor- 
responds to a width of laser chips la and lb, which is generally t>etween 300^m and 350^ As displacemem of emit- 
tance openings PA and PB may cause aberration, distance PL1 is preferably made as small as possltile. 
[0093] Then, as shown in Fig, 46, emission points PA and PB are preferatjiy formed offset from the cemers of teser 
chips la arxl lb to reduce distance PL2 therebetween. Alternatively, as shown in Fig. 47, after emission points PA and 
45 PB are formed in the centers of laser chips la and 1b. a distance PUS between emrssion points PA and PB may be 
reduced by cutting the side ends of laser ch^>s 1 a and 1 b which are adjacent to each other. 

[0094] As described above, laser cNps la and lb are an-anged with their one sides adjacent to each other, and the 
distances between emission points PA and PB and one sides thereof are shorter than those t>etween emission points 
PA and PB and tfie otiier sides opposite to the one sides, respectively. 
so [0095] Furtlier. semiconductor laser 1 must be provided wHh a photodetector for monitoring the laser beam emMed 
therefrom. When two laser chips 1 a and lb are provided as descnbed above, two photodetectors may be provided cor- 
responding to laser cNps la and lb. However, as shown in Fig. 48, a single photodetector 44 is prefersdbly provided for 
nrtonitoring laser beams with the wavelengths of 635 nm and 780 nm leaking from the backsides of laser chips la and 
Ibi 

55 [0096] Semiconductor laser 1 has four terminals 45 to 48. As shown in Fig. 49A. terminal 45 is connected to anode 
electrodes of laser chips la and lb arxl a cathode electrode of photodetector 44. femrvnal 48 is connected to a cathode 
electrode of laser chip la. Terminal 47 is connected to a cathode electrode of laser chip ^b. Terminal 48 is connected 
to an anode electrode of photodetector 44. As terminal 45 is connected to one electrodes of laser chips la and lb and 
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photodetector 44, the number of terrrtnals for semiconductor laser 1 is reduced. 

[0097] As shown in Fig. 49B» ternVinats 45 and '48 may aXso be connected to the anode and cathode electrodes of 
photodetector 44. respectively. 

[0098] Alternatively, as showm In Fig. 49C, tenninal 45 is connected to cathode electrodes of laser chqps la and lb 
and photodetector 44. terminal 46 to the anode electrode of laser chip la, terminal 47 to the anode electrode of. laser 
chip 1 b and terminal 48 to the anode electrode of photodetector 44. 

[0099] Alternatively, as shown in Fig. 49D, terminal 45 may be connected to the cathode electrodes of laser chips 1a 
and 1 b and the anode electrode of photodetector 44. terminal 46 to the anode electrode of laser chip 1 a. tenninal 47 to 
the anode electrode of laser chip lb and terminal 48 to the cathode electrode of photodetector 44. 

[Arrangement of Optical System] 

[0100] Fig. 50 is a top view showing only an optical system of the above described optical pickup device. It is noted 
that, in Fig. 50, a diffraction grating 40 for a three-beam method is arranged between semiconductor laser 1 and half 

IS mirror 2. in addition, a Wollaston prism 41 for collecting the laser beam virith the wavelength of 635 nm or 780 nm in a 
prescribed position on photodetector 8 is arranged between half mirror 2 and photodetector 8. 
[0101] While objective lens 7 and cptical device 5 are shown on the upper side of mirror 4 in Fig. 50, they are arranged 
immediately above minor 4. In other words, an optical axis of objective lens 7 is perpendicular to, not parallel to, an opti- 
cal axis of semiconductor laser 1 . 

20 [01 02] Tne optical system shown in Rg. 50 is accommodated in body 42 as showm m Fig. 51 A. Such body 42 is sup- 
ported between two guide shafts 43. As guide shafts 43 are provided in a radial direction of the optical ask. the optical 
pickup device including such optical system and body 42 can move in the radial direction of the optical disk along gukle 
shafts 43. Thus, objective lens 7 can be moved in a direction toward or away from a driving axis (a center of the optical 
disk) of a spindle nnotor 44. 

25 [0103] In the optical pickup device shown in Fig. 51 A. an optical axis LN1 of the laser beam entering mirror 4 b aligrwd 
with a perpendicular LN2 with respect to two guide shafts 43. so that a relatively long distance GL1 is ensured between 
guide shafts 43. 

[01 04] Therefore, the optical system is desirably arranged such that optical axis UMI of the laser beam entering nun-or 
4 is angled with respect to perpendicular LN2 for two guide shafts 43 to forrh an acute angle 6 (of for example between 

30 30** and 45**). With such arrangement, a distance GL2. which is narrower than the above mentioned distance GL1 , is 
ensured between gukie shafts 43. . - r im^ 

[0105] In the case of the arrangement shown in Fig. 51 A, H semiconductor laser 1 is arranged such that a fine LN3 
passing through the emittance openings of laser chips la and lb is parallel to a main surface of the optfcal disk as 
shown in Fig. 51 B, the laser beams with the wavelengths of 635 nm and 780 nm from laser chips la and 1b can form 

35 beam spots symmetricaDy on either side of the track of the optical disk, respectively. 

[0106] On the other hand, in the case of the arrangement shown in Fig. 52A. if semiconductor laser 1 is arranged such 
that line LN3 passing through emittance openings of laser chips la and lb is paraflel to the main surtace of the oplrcal 
disk, the laser beams would form beam spots asynrvnetrically on either side of the track. Thus, as shown in Fig. S2B. it 
is desirable to arrange semiconductor laser 1 such that line UM3 passing through the ennittance evenings of laser chips 

40 la and lb IS angled with respect to the main surtace of the optical disk to form acute angle 6. which is equal to that 

[01071 '"radJtion, package 1 d of semiconductor laser 1 shown in Fig. 52B is provided with a notch 1 e wrtiich is parallel 
to the upper and lower surfaces of body 42. With such notch le formed in package Id of semiconductor laser 1. a thick- 
ness T2 is obtained tor body 42 which is smaller than a thickness T1 of body 42 shown In Fig. SIR 
45 [0108] While the above described optical pickLp device is mainly directed for reproductkxi, it may also be directed for 
recording, or both recording and reproduction. 



Claims 

1 . An cptical pickup device performing recording andfor reproducing for a f irst optical disk (26) having a first transpar- 
ent substrate (9) and a second optical disk (31 ) having a second transparent substrate (99) with a thickness greater 
than that of said first transparent substrate (9). comprising: 

an objective lens (7) arranged opposite to saW first or second optical disk<26. 31): 

laser beam generating means (1 ) for selectively generating a first laser beam <25) with a first vravelength and 
a secoTKl laser beam (27) vwth a second wavelength different from said first wavelength; arxJ 
an optical device (5) an-anged between said objective lens (7) and said laser beam generating means (1) and 
having a central region (Sb) alfowing transmisston of saW first laser beam <25) without any diffraction and 
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increasing a diameter of -said seoorxJ laser beam (27) by diffraction, and having a peripheral region<Sa) aHow- 
. ing transmission of said first laser beani (25) witriout any dffra<^ton and substantially Welding ^said^second 
laser beam (27) by diffraction or absorption. 

2. The optical pickup device according to claim 1 , wherein said central region (Sb) of said optical device<S) has a holo- 
gram (20) formed thereoa 

3. The optical pickup device according to claim 2, wherein said hologram (20) includes a plurality of annular convex 
portions (22) each having four steps (22a) and coaxially formed, and a height hi of each of ^id steps t22a) is 
determined in aocoidance with the following expressions (1) to (5). 



ljA(x)exp{i«x))exp{<22^}d,|' 



<1) 



so 



if 


O^x^I ♦(x) = 0 
4 




if 


T T 2ic 




if 


I^x^It ♦(x)»^(n-n.)hl»2*o 




if 


|t^x^T 4(x) = ^(n-np)hl = 3*, 





SO 



if m«0 



n 0 «= ^^{(1 + COS4>(x) + COS24»(x) + COS3^>(x)) ^ + (SIN^^x) + SIN2 Wx) + SIN3^x))^} 



<3) 



lfm»-1 



40 



Tj.i - -4 {(1 - COS<|>(x) - COS2<Kx) + OOS3^)0 - SIN^x) + SIN24>(x) +S»N34<x))^ 
An 

+ (1 + COS^(x) - COS24»(x) - COS3^(x) - SINf(x) - SINZK^O * SINS^x))^} 

Hmsl 



<4) 



11 - -4 {(1 - CXDS^(x) - COS24>(x) + COS34»(;0 - SIN«x) + Slf42«x) + SIN3^(x)) ^ 
An 

+ (1 + COS^(x) - COS2*(x) - COS34»(x) + SlN^x) + SIN2*<x) + SINS^Kx))^} 



<5) 



55 



where T^m is a mth order diffraction efficiency, ^x) is a function of phase difference defined tfy expression 
(2), T is a period of said function of phase difference, A(x) is a transmittance. X is said first or second wavelength, 
n is a refractive index of said annular convex portion (22), nO is a refractive index in the vicinity of «aid annular con- 
vex portion (22) and ^ is a constant 

4. The optical pickup device according to daim 2, wherein said penpheral regfon<Sa) of sakl optical-device <S) has a 
diffraction grating (21 ) formed ttiereon. 
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5. The optical picki^) device according to daim 4, wherein said diffraction grating <21) has varying diffraction con- 
stants. 

6. The optical pickup device according to claim 2, wherein said laser beam generating means (1) polarizes said first 
5 laser beam (25) in a f'rst direction and said second laser beam (27) in a second direction different from said first 

direction, and 

said peripheral region (34a) of sa'd optical device has a polarizing filter formed thereon and having a polariza- 
tion direction perpendicular to said second direction. 

7. The optical pickup device according to daim 2, wherein said peripheral region of said opfical devk^e (35) has a 
polarizing glass formed thereon and for absolving said second laser beam (27) with said second wavelength. 

8. The optical pickup devfoe according to daim 1 . wherein saki laser beam generating meare (1) is a senvoonductor 
15 laser (1 ) including a package (Id), a first laser chip (la) an-anged within said package (Id) and osdllating said first 

laser beam (25). and a second laser chip (lb) arranged within sakl package (1d) and oscillating said second laser 
beam (27). 

9. The optical pickup device according to daim 8, v^rtierein said optical pickup device moves along two gukle shafts 
so (43) provided in parallel in a radial direction of said first or second optical disk (26, 31) and further comprises: 

a mirror (4) arranged immediately below said objective lens (7) and said optical devfce (5) and reflecting said 
first or second laser beam (25. 27) directed from sari semiconductor laser (1) in a direction parallel to a main 
surfoce of said first or second optical disk (26. 31) in a diredton perpendicular to said main surface of said fffst 
25 or second optical disk (26. 31): and 

a body (42) supported between said two guide shafts (43) for containing sakj objective lens (7). said optk:al 
device (5). said semiconductor laser (1 ) and said mirror (4). 

an optical axis (LN1) of the laser beam directed to said mirror (4) being angled with respect to a perpencficular 
(LN2) passing through sakJ two guide shafts (43) to form an acute angle (e). 

30 

10. The opttoal pk;kup devk:e according to claim 9. wherein a line (LrM3) passing an emittance opening (PA) of sakl frst 
laser chip (1 a) and an emittance opening (PB) of sakl second laser chip (1 b) is angled with resped to the main sur- 
face of said first or second optical disk (26. 31) to form an acute angle (e) equal to said acute angle (6). 

35 11. The optteal pickup device according to daim 8, further conprising a cdlimator lens (3) arranged between sakl opti- 
cal device (5) and sad semiconductor laser (1). 

said first laser chip (la) being spaced by a first distance (F1) from said coHimator tens (3) such that sakl first 
laser beam (25) transmitted through said collimator lens (3) is colUmated. and sakl second laser chip ( 1 b) being 
40 spaced by a second distance (F2) different from said first distance (F1) from sakl oonimator lens (3) such that 

said second faser beam (27) transmitted through said collimator lens (3)' is colllmated. 

12. The optfcal pickup devfce according to claim 8. wherein sad serrncorductor laser (1) further indudes a light 
wavegude (39) having a first inddent opening fadng an emittance opening of said first laser cNp (la), a second 
45 incdent opening fadng an emittance opening of sad secord laser chip (lb) ard an emittance opening communi- 
cating with sad first and second incdent openings. 

1 3- The optical pickup device according to claim 8, vy^erein sad f irst and second laser chips (1 a, 1 b) are arranged with 
respective one sdes adjacent to each other, and distances between sad emittance openings (PA, PB) of sad first 
50 and second laser chips (1 a. 1 b) and sad one sdes are respectively shorter than distances between sad emittance 
openings (PA. PB) and other sdes opposed to sad one sides. 

14. The optical pickup device according to daim 8, wherein sad seouoonductor laser (1) further indudes a photode- 
tector (44) arranged on a sde opposite to an emittance sde of sad first and secord laser chips (1 a. 1 b) for moni- 

£5 toring sad first and second laser beams (25. 27) leaked from sad first and second laser chips (la. lb). 

15. The optical ptokiq? device aocoiding to daim 8. wherein sad semlsonductor laser (1) further indudes: 
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a f irst terminal <4S) connected to one, electrode of said first laser chip <1a). one electrode of said second laser 
chip (1b) arxJ one electrode of said photodetector<44); 
a second terminal (46) connected to other electrode of said fiist laser chip <1 a); 
a third terminal (47) connected to other electrode of said second laser ch*p<1b); and 
5 a fourih terminal (48) connected to other electrode of said photodetector (44). 

1 6. The optical pickup device according to claim 1 . wtierein said first wavelength is between 620 nm and -680 nm and 
said second wavelength is between 765 nm and 795 nm. 

10 17. The optical pickup device according to datm 1 , wfieretn said objective lens (7) is adapted to said first optical disk 
(26) and has a numerical aperture of b^een 0.55 and 0.65. 

18. The optical pickup device according to claim 1 , wherein said objective lens (7) has an effective numerical aperture 
of between 0.40 and 0.50 upon incidence of said second laser t>eam (27). 

15 
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